Multiple regression analysis is used when predicting objective variable using multiple explanatory variables. It is also used to find out how much influence the factor (explanatory variable) has on the outcome (objective variable). There are many reports of multiple regression analysis predicting Functional Independence Measure (FIM) scores at discharge or FIM gain (FIM score at discharge -FIM score at admission) [1] [2] [3] . But since multiple regression analysis is a parametric method, both the objective variable and explanatory variables are required for normal distribution.
Introduction
Multiple regression analysis is used when predicting objective variable using multiple explanatory variables. It is also used to find out how much influence the factor (explanatory variable) has on the outcome (objective variable). There are many reports of multiple regression analysis predicting Functional Independence Measure (FIM) scores at discharge or FIM gain (FIM score at discharge -FIM score at admission) [1] [2] [3] . But since multiple regression analysis is a parametric method, both the objective variable and explanatory variables are required for normal distribution.
On the other hand, logistic regression analysis has the advantage of not requiring much rigor in the type or distribution of data. So, in some studies [4] [5] [6] [7] [8] [9] [10] [11] [12] , FIM scores at discharge or FIM gain are converted to binary data of 0 and 1, and used in logistic regression analysis. In these studies, FIM scores at discharge or FIM gain was set to 1 (favorable outcome) if the patient's score was equal to or above a fixed score, and 0 (unfavorable outcome) if the score was less than the fixed score. Specifically, FIM scores at discharge of 80 points or above [4] [5] [6] , and the median value or above of motor FIM gain [7] [8] [9] [10] [11] [12] , were set as favorable outcomes.
However, raising the FIM score at discharge to 80 points is more difficult for patients having FIM scores at admission of 18 points than for those with scores of 79 points. As for FIM gain, because the relationship between motor FIM score at admission and motor FIM gain shows a bell curve [13] , the difficulty of motor FIM gain to exceed the median value is different between patients having motor FIM scores at admission of 13 points (total assistance level) and those having a score of 40 points (moderate assistance level). In other words, in conventional methods [4] [5] [6] [7] [8] [9] [10] [11] [12] , whether or not FIM score at discharge or FIM gain becomes greater than the fixed score depends on the FIM scores at admission, rather than the factors such as the amount of training.
In this study, a logistic regression analysis was performed on data of patients with stroke hospitalized in a convalescent rehabilitation ward in Japan [14] with FIM at discharge (0 or 1) as the objective variable. We compared the following two methods: a conventional method that sets FIM scores at discharge of 80 points or above as a favorable outcome and a new method that stratifies FIM scores at admission into seven groups, and the median value or above of FIM scores at discharge in each group is set as a favorable outcome. The purpose of this study was to show that the new method can evaluate the factors influencing FIM improvement without being affected by FIM scores at admission. 
International Journal of

Methods
Patients
A total of 770 stroke patients who were admitted to the convalescent rehabilitation ward in A Hospital between April 1, 2013 and June 17, 2016, after undergoing treatment at acute phase hospitals, were enrolled. The following patients were excluded: those with subarachnoid hemorrhage, those aged younger than 40 years old, those who died in the hospital, those whose outcome was not recorded, those admitted within 6 days or more than 61 days after onset, those who spent less than 31 days in the hospital, those whose FIM score at admission or discharge was not recorded, those who were readmitted, those whose motor FIM score at admission was 91 points, and those whose motor FIM gain was less than 0 pint, those whose FIM score at admission was 80 points and above. The remaining 290 patients were included in this study (Table 1) .
Conventional method that sets FIM scores at discharge of 80 points or above as a favorable outcome.
Logistic regression analysis was performed on six explanatory variables including age, sex, type of stroke (brain infarction or brain hemorrhage), number of days from onset to admission, motor FIM score at admission, and cognitive FIM score at admission. These six explanatory variables were chosen because they were often used in multiple regression analyses [1, 2] . The objective variable was FIM at discharge (0 or 1). Similar to the previous studies [4] [5] [6] , FIM scores at discharge of 80 points or above were set as 1 (favorable outcome) and those less than 80 points were set as 0 (unfavorable outcome).
New method that stratifies FIM scores at admission into seven groups, and the median value or above of FIM scores at discharge in each group is set as a favorable outcome.
First, FIM scores at admission were stratified into seven groups: i.e. 18-19 points, 20-29 points, 30-39 points, 40-49 points, 50-59 points, 60-69 points, and 70-79 points. The median value of FIM scores at Citation: Tokunaga M, Tanaka H, Nishimura N, Sugihara K, Kamoshita H (2018)
Page 2 of 4 discharge in each group were 21 points, 48.5 points, 68.5 points, 68 points, 103 points, 103.5 points, and 106 points, respectively. The median value or above was set as 1 (favorable outcome) and a score less than the median value was set as 0 (unfavorable outcome) in each group. So, there were seven thresholds according to FIM scores at admission (Figure 1 ). Logistic regression analysis was performed using the same explanatory variables as the conventional method.
This study complied with the regulations of the Clinical Research Ethics Committee of the first author's hospital. All personal data were processed so as not to identify any individuals. The statistics software we used was IBM SPSS Statistics version 24.
Results
In the conventional method, the higher the FIM scores at admission, the greater the proportion of patients who had an FIM at discharge of 1 (≥ 80 points) (Figure 2) . In logistic regression analysis, both motor FIM score at admission and cognitive FIM score at admission were significant explanatory variables (Table 2a ).
In the new method, the proportions of patients who had favorable outcome were about 50% in all seven groups stratified by FIM scores at admission. In logistic regression analysis, neither motor FIM score at admission nor cognitive FIM score at admission was a significant explanatory variable (Table 2b ).
Discussion
We herein reported a new method of setting FIM at discharge (objective variable) as 1 (favorable outcome) according to FIM scores at admission in logistic regression analysis.
Both motor FIM score at admission and cognitive FIM score at admission were significant explanatory variables, and their odds ratios were greater than 1.0 in the conventional method. This indicates that if FIM score at admission is higher, FIM score at discharge is likely to be 80 points or above. This was also shown in Figure 2 . These results indicate that whether favorable outcome or not is dependent on FIM scores at admission.
On the other hand, neither motor FIM score at admission nor cognitive FIM score at admission was a significant explanatory variable in the new method. The proportion of patients who had favorable outcome was almost the same among seven groups stratified by FIM scores at admission. These results indicate that the new method is less susceptible to FIM scores at admission. So, this new method is thought to be able to evaluate the factors influencing FIM improvement without being affected by FIM scores at admission.
Regarding the logistic regression analysis in which the median value or above of FIM gain is set to 1 (favorable outcome) [7] [8] [9] [10] [11] [12] , stratification by FIM scores at admission should also be necessary. And there are also some studies that set the Barthel index score at discharge of 60 points or above and a modified Rankin Scale score of 2 or less at discharge as favorable outcomes [15] . The difficulty to achieve a Barthel index score at discharge of 60 points is different between patients having Barthel index scores of 0 point at admission and those having 55 points. Therefore, stratification of the Barthel index score at admission should be necessary. There are some limitations in this study. First, it can't be asserted that the six explanatory variables used are most appropriate in logistic regression analysis. Second, we can't definitely say that the odds ratios in the new method are more accurate than those in the conventional method. Third, multiple regression analysis is more commonly used in studies to find out how much influence the factor has on FIM outcome than the logistic regression analysis. Which method, multiple regression analysis or logistic regression analysis, is more appropriate for these studies is not known. The predictive accuracy of multiple regression analysis is not satisfactory [3] . Logistic regression analysis has the advantage of not requiring much rigor in the type or distribution of data, but has the disadvantage of losing a lot of information in the process of converting quantitative data of FIM into binary data of 0 and 1.
Conclusion
The conventional logistic regression analysis that sets one fixed value (FIM score at discharge ≥ 80 points) as favorable outcome has a problem that it is heavily influenced by FIM scores at admission. In studies evaluating the effect of factors influencing FIM improvement, the thresholds for favorable outcome should be set according to FIM scores at admission.
